Subtle structural deformities of the cerebral cortex have been shown to be the cause of seizures in patients with refractory epilepsy. Brain imaging using high-resolution focused protocols with standard head coils may not provide sufficient image quality needed for evaluating subtle cortical abnormalities. The authors describe the use of a readily available shoulder coil placed over a specific area of the brain that has been clinically determined to enhance the signal to noise and resolution of the cortical surface. Delineating the cortical surface using a shoulder coil can help to detect subtle areas of cortical thickening, blurring of the gray-white matter junction, or focally abnormal gyral and sulcal patterns.
Identifying structural abnormalities of the brain's cortical surface is essential for patients who suffer from medically refractory neocortical epilepsy. Subtle cortical abnormalities may remain occult by imaging even with epilepsyfocused protocols using standard head coils. Recently, techniques have been developed to provide highresolution and significantly improved signal-to-noise imaging of detailed structures such as the orbits and optic nerves, the brachial plexus, and the carotid arteries using surface coil imaging.
1-3 The brain's cortical surface also has been imaged using custom-designed phased array surface coils with enhanced resolution. [4] [5] [6] [7] In this report, we use a readily available shoulder coil to image the brain's cortical surface, with substantially improved image quality relative to head coil protocols.
Technique
Six patients with medically refractory epilepsy were initially evaluated by magnetic resonance imaging (MRI) using a G.E. Medical Systems 1.5 Tesla unit and an epilepsy-focused protocol that uses a standard birdcage design, transmit-receive head coil, and 256 × 256 matrix, with the associated parameters: repetition time/echo time/slice thickness/interspace. Imaging sequences for this protocol included coronal and axial fluid-attenuated inversion recovery (10000/104/4.0/0.0) with an inversion time of 2200 msec, coronal T2 (7000/95/3.0/1.0), coronal T1 gadolinium-enhanced (500/16/5.0/1-2.0), and thinsection 3-dimensional coronal fast spoiled gradient (IR PREP) sequences (12.5/5.5/1.7/0.0) flip angle of 20°and prep time of 300 msec. These select patients had undergone repeat imaging with the same scanner but used a shoulder array coil (MRI Devices, Waukesha, WI) placed and secured over a region of interest defined by previous encephalographic monitoring. A multiplane T1 localizer was initially performed followed by coronal, axial, and sagittal fast spoiled gradient-echo images using the same parameters as defined above except for a 256 × 224 matrix. In each of these cases, the signal-to-noise image quality of the cortical surface within the region of interest was significantly improved by the use of the shoulder coil ( Fig  1) . To date, only 2 patients in this group have had surgical resection of a cortical region suggested to be abnormal by surface coil imaging, and these areas proved to be abnormal pathologically (Fig 2) . A qualitative evaluation of the region was performed to assess the degree of cortical thickening and blurring of the gray-white matter interface.
Discussion
Malformations of cortical development have been shown to cause epilepsy. Identifying large malformations can usually be accomplished with standard and epilepsyfocused protocols using whole-brain head coils, but often, these techniques are limited in evaluating the cortical surface for subtle abnormalities. The goal of the neuroradiologist in the evaluation of these patients is to identify any potential structural abnormality especially in those areas defined by clinical and electrophysiologic monitoring. High-resolution imaging using dedicated epilepsy protocols are necessary to evaluate the entire brain for potential abnormalities. 8 By finding abnormalities especially with regard to the mesial temporal structures that are concordant with the clinical data, potentially curable resections can be offered. Such imaging protocols are often sufficient for identifying pathology in the mesial temporal structures. However, even the high-resolution protocols may not reveal a lesion outside the mesial temporal structures. For those patients who show no lesion even with the high-resolution whole-brain protocols, surface coil imaging should be considered if sufficient localizing data such as electroencephalographic monitoring or functional imaging studies suggest a certain area of the brain. The improved signal to noise and resolution may be obtained with surface coil imaging, which allows better gray-white matter delineation than standard head coil imaging.
3,6-7 Potential areas of thickening, abnormal gyral patterns, or blurring of the gray-white interface can be identified more readily with this improvement. Most facilities do not have a readily available coil laboratory in which to design specialized head surface coils. However, the shoulder coil, one that is available at most MRI centers, can offer added sensitivity as required for the epilepsy-focused exam.
Although this technique is beneficial to identifying cortical malformations immediately beneath the surface coil, there are certain limitations that need to be considered. Signal reduction occurs in areas deep and distal to the coil. Therefore, comparison to the contralateral side or evaluation for symmetry is more difficult using this coil. In addition, the temporal lobes are more difficult to evaluate because the contour of the coil is not ideally suited for placement on the side of the head. A customized surface coil, rather than a shoulder coil, may be better suited to evaluate temporal lobe abnormalities if the standard epilepsy focus protocols are insufficient. 5 But in all other areas of the cortical surface, this coil can be readily secured on the patient's head. Despite the more limited coverage of the brain's surface compared to routine head coils, the shoulder coil offers a wider coverage of the cortex compared to the small 3-or 5-in coils used for the temporomandibular joint. In our experience, identifying subtle abnormalities is often aided by direct comparison with normal-appearing cortex immediately adjacent to an area of distortion. The very small coils may be too limited in focus and may optimize imaging over only 1 or 2 gyri, thereby preventing detection of the changes in the cortex. Last, a negative surface coil imaging study does not exclude the presence of an epileptogenic focus. Rather, the focus may be occult by MRI or located elsewhere in the brain, but even this negative information is important in guiding clinical management of these patients. By no means should the surface coil be used as a screening tool to identify a lesion. Rather, it can be used to provide supportive data that would help guide clinical and possibly surgical management. 9 The sensitivity and specificity of the surface coil awaits further analysis with other patients and their postsurgical follow-up. By offering patients for whom initial evaluation with high-resolution epilepsy-focused MRIs were negative with this specialized and focused technique, a greater number of potential lesions can be identified. This may ultimately save a patient from undergoing increased morbidity and mortality associated with invasive electroencephalographic monitoring and even offer patients the possibility of a seizure-free outcome if potentially resectable lesions are identified. For the practicing community and for those institutions that are not equipped with specialized surface coils, the shoulder coil can be easily used for a more focused evaluation of the cerebral cortex. head coil is suboptimal in identifying an area of cortical thickening along the left middle parietal sulcus, whereas coronal (B) and sagittal (D) surface coil imaging better delineates an area of cortical thickening. This region was identified as the epileptic focus with invasive monitoring and was shown to be pathologically consistent with cortical dysplasia after surgical resection.
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